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(57) Abstract 

A svstem and method that codes and interleaves data onto separate channels for transmission in a wireless multicarrier system furtiier 
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S^^ed sySs S wSg them into the matrix aS^orfing to columns, from left to right. The system then retrieves tl« symbols from 
Se mtSc toTows^ f^om top to bottom. Hie systtm then transmits the retrieved symbols on different earner frequences such 

that consecutive symbols are each transmitted on a different carrier ftequency. 
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CHANNEL CODING AND INTERLEAVING FOR 
TRANSMISSIONS ON A MULTICARRIER SYSTEM 

Technical Field 

The invention relates generally to transmitting and receiving data in 
a telecommunication system and, more particularly, to a system and method 
for coding and interleaving data onto separate channels for transmission in 
a multicarrier system. 

Background of the Invention 

Generally, a wireless telecommunication system serves a defined area 
by dividing the area into cells. Each cell is served by a single base station, 
or cell site, and each cell site is connected to a message switching center 
("MSG") via appropriate hardware hnks. A mobile unit is connected to the 
MSG by estabhshing a link with a nearby cell site using one or more radio 
frequency ("RF?) channels, or carriers. 

For various reasons, higher data rates are desirable in the RF link 
between the mobile unit and the cell site. For example, in a code division 
multiple access ("CDMA") system, data rates are somewhat restricted due t( 
current standards that require a system bandwidth of 1.25 Megahertz 
(.MHz). However, future reqviirements are expanding to support a system 
bandwidth of /i x 1.25 MHz, where n is an integer, thereby supporting 
backwards compatibihty to the traditional 1.25 MHz bandwidth. 

Once a system bandwidth of n x 1.25 MHz is chosen, there are two 
conventional methods by which the data may be transmitted over the 
chosen bandwidth. One method, referred to as direct spread, encodes the 
data using a convolutional code, interleaves the resulting coded bit stream, 
encodes the interleaved symbols using a Walsh code unique to the user, 
further encodes the encoded symbols using a pseudo-noise (PN) code, and 
then transmits the resulting symbols, known as chips, on the entire n x 
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1.25 MHz bandwidth. Using this method, the actual symbol rate on the RF 
earner is n x 1.25 million chips per second. Another method, referred to as 
multicarrier, splits the encoded data into n streams, encodes each stream 
using a Walsh and a PN code, and then transmits the resulting chips of 
each stream on a separate 1.25 MHz carrier. A CDMA compatibility- 
standard for cellular mobile telecommunications systems, including greater 
detail in the above described methods, is described in MOBILE StatioN-Base 
Station Compatibility Standard for Dual-Mode Wideband Spread 
Spectrum Cellular System, TIA/EIA/IS-95 (July 1993), which is hereby 
incorporated by reference. 

The multicarrier method described above does not adequately handle 
error conditions that occur over the separate carriers. For example, if 
several bit errors occur in sequential order, even the existence of error 
correcting code in the bit stream does not prevent certain data bits from 
being lost. To alleviate this problem, the multicarrier method interleaves, 
or shuffles, the,order of the data bits separately on each carrier before 
transmission and then de-interleaves the data bits at the receiving end. 
This solution, however, has several deficiencies. For one, shuffling circuits 
are often used for each carrier, thereby requiring extra circuitry. Also, the 
shuffling does not take into account that certain carrier frequencies may be 
more robust at any particular time, and therefore subject to less errors than 
the other carrier frequencies. 

Therefore, what is needed is a system and method that codes and 
interleaves data onto separate carriers for transmission in a multicarrier 
system. 

Furthermore, what is needed is a system and method that does not 
require individual interleaving circuitry for each carrier .of the multicarrier 
system. 
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Furthermore, what is needed is a system and method that utiHzes a 
different carrier for consecutive bits of the error correcting code, thereby 
providing a versatile system that is less prone to errors. 

Summary of the Invention 

The foregoing problems are solved and a technical advance is 
achieved by a system and method that codes and interleaves data onto 
separate channels for transmission in a telecommunication system. In one 
embodiment, the multicarrier telecommunication system has an input 
terminal for receiving a plurality of user data bits. The system may add 
error-correcting bits to the user data bits. The system then arranges and 
stores the combination of error-correcting bits, collectively coded symbols, in 
a two dimensional matrix. The system arranges the symbols by writing 
them into the matrix according to columns, from left to right. The system 
then retrieves the symbols from the matrix according to rows, from top to 
bottom and transmits the retrieved symbols on different carrier frequencies 
such that consecutive symbols are each transmitted on a different carrier 
frequency. 

As a result, the system reduces the effect of errors resulting from any 
single carrier. Furthermore, the arranging of the symbols is performed at a 
central location, thereby obviating a need for each carrier to have its own 
shuffling device. 

Brief Description of the Drawing 

Fig. 1 is a block diagram of a base station and mobile unit in a 
multicarrier CDMA system. 

Fig. 2 is a flow chart for a routine used to store symbols received by 
the base station of Fig. 1 into a matrix. 

Fig. 3 is a flow chart for a routine to retrieve the symbols stored in 
the matrix of Fig. 2 for transmission. 
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Description of the Preferred Embodiment 

Referring to Fig. 1, the reference numeral 10 designates a simplified 
base station of a multicarrier CDMA system. The base station 10 includes a 
convolutional encoder 12 (with a rate 1/m), a symbol repeater {k times) 14, 
and a block interleaver 16 having an inverse-multiplexer 16a. The base 
station 10 utilizes multiple in) carriers on separate frequencies fl - fn, each 
with a bandwidth of 1.25 MHz and each adding a conventional Walsh code 
18.1 - 18. n and PN code 20.1 - 20.n before being processed (baseband 
filtering, upconversion, amplification) and transmitted by devices 21.1 - 
21.n, respectively. For the sake of example, only the forward link from base 
station 10 to a mobile unit 22 will be discussed, where a frame of r user 
data bits is received by the base station and a symbol stream divided of 
mxkxr size blocks is transmitted. 

When each bit of the user data enters the convolutional encoder 12, it 
is encoded into m sym.bols. The encoded symbols are then provided to the 
symbol repeater 14 where each symbol is repeated k times. The 
convolutional encoder 12 and the symbol repeater 14 are conventional 
devices for providing error- correcting capability, and for the sake of brevity, 
will not be further discussed. 

Referring to Fig. 2, a method 50 is used to interleave the symbol 
stream produced from the sjncnbol repetition block 14. At step 52, the block 
interleaver 16 forms a matrix of mxkxq rows by p columns, where q and p 
are positive integers and 
pxq = r. 

At step 54, the block interleaver 16 writes the encoded symbols into the 
matrix starting at the top of the first colimm and continuing down to the 
bottom of the first- column. Once the first column is written, the symbols 
are filled into the second column from top to bottom. Step 54 is continued 
until all columns of the matrix are filled. 

4 
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Referring to Fig. 3, once the matrix has been filled, a routine 70 is 
used to retrieve the symbols from the matrix for transmission on the 
different carriers fl - fn. At step 72, the inverse-multiplexer 16a retrieves 
the first symbol on the first row and at step 74, sends the first symbol to 
the device 21.1 to be transmitted on carrier /Z. At step 76, the inverse- 
multiplexer then sends the following symbols on the first row sequentially 
to be transmitted on carriers f2 through /h, one on each carrier until a 
symbol is transmitted on each of the n carriers. This step is then repeated 
with the next n symbols on the first row until all symbols of the first row 
are transmitted. At step 78, a determination is made as to whether any 
more rows are available. If not, execution stops. Otherwise, execution 
returns to step 72 where the inverse-multiplexer 16a retrieves the first 
symbol of the second row and at step 74, sends this symbol to the device 
21.2 to be transmitted on the carrier /2. The inverse-multiplexer then sends 
the following symbols on the second row to be transmitted on carriers f3, f4, 
...,fl until n symbols are transmitted on each of the n carriers. This step is 
then repeated with the next n symbols on the second row until all symbols 
of the second row are transmitted. If more rows remain, the inverse- 
multiplexer 16a returns to step 72, retrieves the first symbol of the third 
row on carrier f3, and sends the remaining symbols to be transmitted on 
carriers [4, f5, ...,f4, and so forth. On row n+1, the inverse-multiplexer 16a 
sends the first symbol to be transmitted on carrier /"i, and the steps 72-78 
are repeated. Likewise, the transmission of rows n+2, n+n+2, n+n+n+2, 
etc., each start with carrier f2, and so forth for the remaining rows. 

For the sake of example, a frame of 10 user data bits (r = 10) is 
encoded using a l-to-3 (m = 3) rate convolutional code, repeated twice ik = 
2) and then divided between three different carrier signals (n = 3). The 
resulting symbol stream is divided into blocks of 60 symbols, which are 
interleaved across time as well as the 3 carrier signals. A matrix, 
illustrated in Table 1, has twelve columns (g = 2) and five rows (p = 5). 
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Each symbol of the matrix is represented as either X„ or Z, which 
together represent the three bits that are generated from one information 
bit by the convolutional encoder 12, where i is between 1 and 10. 
Furthermore, each of the symbols X^, and are repeated twice by the 
symbol repeater 14. Using the method 50 described above, the symbols are 
written into the columns of the matrix as illustrated below. 



Table 1 Interleaving Matrix 
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Once the symbols have been arranged in the matrix, the inverse- 
multiplexer 16a retrieves the symbols in an interleaved manner for 
transmission on the carriers fl,f2, and fS. Moving across each row of the 
matrix of Table 1 in sequential order, the inverse-multiplexer sends each 
sjrmbol to be transmitted in the following sequence, as described in Table 2, 
below. In Table 2, the column "No." describes the sequence that each 
symbol is transmitted, the column "Symbol" corresponds to the name from 
Table 1, the column "(R,C)" identifies the row and column of Table 1 in 
which the symbol is stored, and the column "Freq." designates the carrier on 
which the symbol is transmitted. 
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Table 2 Transmission Sequence 
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No. 
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It is understood that the mobile imit 22 has a similar broadcasting 
feature as described above for the base station 10. Furthermore, both the 
mobile unit 22 and the base station 10 also include receiver units for 
receiving and storing each symbol in a scheme opposite to the scheme 
described above, thereby allowing the data stream to be de-interleaved and 
fully restored. 

In another embodiment, the block interleaver 16 may retrieve the 
symbol at the column and i'** row of the matrix on carrier frequency f ^ 
such that: 

m = ((O-Dxr + i - 1) MOD n) + 1, (2) 
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where r is the number of rows in the matrix, n is the nvunber of carrier 
frequencies such that 1 < m < n, and the fanction MOD signifies a modulus 
operation. By using equation (2) above, the interleaver 16 is ensured that 
no two consecutive coded symbols in the original coded sequence are 
transmitted on the same carrier frequency. 

Therefore, although illustrative embodiments of the invention have 
been shown and described, other modifications, changes, and substitutions 
are intended in the foregoing disclosure. For example, the convolutional 
encoder 12 could be left out so that the symbol repeater 14 provides the only 
source of error correction capability. Also, Table 1 can be arranged 
according to rows, thereby allowing Table 2 to retrieve the symbols 
according to columns. Furthermore, the present invention is not limited to 
cell-based telecommvmication systems, but instead may be used in many 
different types of systems, including wired-transmission systems. 
Accordingly, it is appropriate that the appended claims be construed broadly 
and in a manner consistent with the scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A telecommunication system comprising: 

an input terminal for receiving a plurality of user data bits; 

an error-correction device for generating a sequence of coded symbols 

from the user data bits; 

an interleaver for arranging and storing the coded symbols in a 

matrix; 

an inverse-mTiltiplexer for retrieving the coded symbols stored in the 
matrix; 

wherein the matrix is two-dimensional, the interleaver arranges the 
:•• i -vmbols according to the first dimension and the inverse-multiplexer 
tj M-v. .- the coded symbols according to the second dimension. 

2 The system of claim 1 further comprising a device for repeating the 
coded symbols.* 



The system of claim 1 wherein the error correction device is a 
repeater and the sequence of coded symbols include dupUcates of the user 
da-ta bits. 

4. The system of claim 1 being a wireless multicarrier system further 
comprising a code division multiple access ("CDMA") transmitter for each of 
the carriers. 

5. The system of claim 4 wherein a sub-sequence of multiple coded 
symbols are generated for each user data bit and wherein consecutive 
svmbols of the sub-sequence are transmitted on different carriers. 
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1 6. The system of claim 2 utilizing multiple carriers wherein the repeated 

2 coded symbols are sequentially transmitted on different carriers. 

1 7. The system of claim 1 wherein the error-correction device provides 

2 forward error correction, 

1 8- The system of claim 1 utilizing multiple carriers wherein each carrier 

2 operates at a common bandwidth. 

1 9. The system of claim 1 utilizing only a single carrier. 

1 10- The system of claim 1 including a plurality of carriers and wherein 

2 the system may selectively use one or more of the carriers. 

1 11. A method for arranging a frame of consecutive bits for transmission 

2 in a multicarri^r system, the method comprising the steps of: 

3 arranging and storing each bit of the frame in a two-dimensional 

4 matrix according to the first dimension of the matrix; 

5 retrieving each bit stored in the matrix according to the second 

6 dimension to form an interleaved sequence of bits; 

7 transmitting the interleaved sequence of bits with multiple carriers 

8 such that no two consecutive bits in the interleaved sequence of bits are 

9 transmitted on the same carrier. 

1 12. The method of claim 11 wherein the step of transmission utilized 

2 multiple carriers and no two consecutive bits of the frame are transmitted 

3 on the same carrier. 

1 13. The method of claim 11 wherein the first dimension represents a 

2 plurality arrangements of the matrix, and where a first carrier transmits 
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the first bit of the first arrangement and the second carrier transmits the 
first bit of the second arrangement. 

14. The method of claim 11 wherein the step of transmitting utiUzes a 
code division multiple access ("CDMA") transmitter for each carrier of the 
multicarrier system. 

15. The method of claim 11 wherein the frame of bits includes error- 
correcting code. 

16. The method of claim 15 wherein the frame of bits also includes user 
data and the error-correcting code is a duphcate of the user data. 

17. The method of claim 11 wherein each carrier of the miolticarrier 
system operates at a common bandwidth. 

18. The method of claim 11 wherein the multicarrier system utilizes only 
a single carrier. 
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19. A system for arranging a frame of consecutive bits for transmission 
a multicarrier wireless system, the system comprising: 

means for arranging and storing each bit of the frame in a two- 
dimensional matrix according to the first dimension of the matrix; 

means for retrieving each bit stored in the matrix according to the 
second dimension to form an interleaved sequence of bits; 

a code division multiple access transmitter for transmitting the 
interleaved sequence of bits wherein the step of transmission utilizes 
multiple carriers operating at a common bandwidth and wherein no two 
consecutive bits of the frame are transmitted on the same carrier. 

wherein the first dimension represents a plurality arrangements of 
• li* iiiati ix, and where a first carrier transmits the first bit of the first 
triMiiLi^'nient and the second carrier transmits the first bit of the second 
.irranizemont, 

20. The system of claim 19 wherein the frame of bits includes error- 
correcting code. 
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AMENDED CLAIMS 

[received by the International Bureau on 13 January 1999 (13.01.99); 
original claim 9 cancelled; original claims 1, 3-6, 8, 10, 12 and 13 amended; 
claims 10-20 renumbered as claims 9-19; remaining claims imchanged (4 pages)] 

1 . A telecommunication system comprising: 

an input terminal for receiving a plurality of user data bits; 
an error-correction device for generating a sequence of coded symbols 
from the user data bits; 

an interleaver for arranging and storing the coded symbols in a matrix; 

and 

an inverse-multiplexer for serially retrieving the coded symbols stored 
in the matrix and distributing the retrieved coded symbols across a plurality 
of carriers; 

wherein the matrix is two-dimensional, the interleaver arranges the 
coded symbols according to the first dimension and the inverse-multiplexer 
retrieves the coded symbols according to the second dimension. 

« 

2. The system of claim 1 further comprising a device for repeating the 
coded symbols. 

3. The system of claim 1 wherein the error correction device comprises a 
repeater and the sequence of coded symbols include duplicates of the user 
data bits. 

4. The system of claim 1 being a wireless multicarrier system further 
comprising a code division multiple access ("CDMA'*) transmitter for each of 
the plurality of carriers. 
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5. The system of claim 4 wherein a sub-sequence of multiple coded 
sjrmbols is generated for each user data bit and wherein consecutive symbols 
of the sub-sequence are transmitted on different ones of the plurality of 
carriers. 

6. The system of claim 2 wherein the repeated coded symbols are 
sequentially transmitted on different ones of the plurality of carriers. 

7. The system of claim 1 wherein the error-correction device provides 
forward error correction. 

8. The system of claim 1 wherein each of the plurality of carriers 
operates at a common bandwidth. 

9. The system of claim 1 wherein the system may selectively use one or 

♦ 

more of the plurality of carriers. 

10. A method for arranging a frame of consecutive bits for transmission in 
a multicarrier system, the method comprising the steps of: 

arranging and storing each bit of the frame in a two-dimensional 
matrix according to the first dimension of the matrix; 

retrieving each bit stored in the matrix according to the second 
dimension to form an interleaved sequence of bits; 

transmitting the interleaved sequence of bits with multiple carriers such 
that no two consecutive bits in the interleaved sequence of bits are transmitted 
on the same carrier. 
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1 1 . The method of claim 10 wherein the step of transmitting utilizes 
multiple carriers and no two consecutive bits of the frame are transmitted on 
the same carrier. 

12. The method of claim 10 wherein the first dimension represents a 
plurality of arrangements of the matrix, and where a first carrier transmits the 
first bit of a first arrangement and a second carrier transmits the first bit of a 
second arrangement, 

13. The method of claim 10 wherein the step of transmitting utilizes a code 
division multiple access ("CDMA") transmitter for each carrier of the multicarrier 
system. 

14. The method of claim 10 wherein the frame of bits includes error-correcting 
code. 

15. The method of claim 14 wherein the frame of bits also includes user data 
and the error-correcting code is a duplicate of the user data. 

T6. The method of claim 10 wherein each carrier of the multicarrier system 
operates at a common bandwidth. 

17. The method of claim 10 wherein the multicarrier system utilizes only a 
single carrier. 
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18. A system for arranging a frame of consecutive bits for transmission in 
a muiticarrier wireless system, the system comprising: 

means for arranging and storing each bit of the frame in a two- 
dimensional matrix according to the first dimension of the matrix; 

means for retrieving each bit stored in the matrix according to the 
second dimension to form an interleaved sequence of bits; 

a code division multiple access transmitter for transmitting the 
interleaved sequence of bits wherein the step of transmission utilizes multiple 
carriers operating at a common bandwidth and wherein no two consecutive 
bits of the frame are transmitted on the same carrier; 

wherein the first dimension represents a plurality arrangements of the 
matrix, and where a first carrier transmits the first bit of the first arrangement 
and the second carrier transmits the first bit of the second arrangement. 

19. The system of claim 18 wherein the frame of bits includes error- 
correcting code. 
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